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PTSD is more than a memory of trauma

Post-traumatic stress disorder (PTSD) is a psychiatric disorder, 

characterized by re-experiencing, avoidance, negative emotions and 

thoughts, and hyperarousal in the months and years following exposure 

to severe trauma.

These symptoms reflect changes in how the brain processes threat, 

memory, emotion, and safety.



Why does trauma affect some people differently than others?

How does trauma change the brain- and why are some brains more vulnerable than others?



Our DNA contains clues about PTSD

But what does the DNA actually do?

Which gene?

Which brain cells?

What changes inside the cell?

Can we change it back?

Gelernter, 2019

Regional Manhattan Plot: PTSD

Genetic variation → PTSD risk



The brain isn’t one thing…
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The brain is not one cell type. Disease biology is not one molecular signal.



Finding Vulnerable Cell Types in Post-traumatic Stress Disorder
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MDD

PTSD

Data Overview

Goal: Use single cell and cell type-specific multi-scale atlases of human brain 
regions to answer questions about the neurobiology of PTSD.

Hwang, Skarica, Xu et. al. 2025



PTSD results in large changes to genes in neurons, blood vessel cells 
and immune cells

Hwang, Skarica, Xu et. al. 2025



Vascular Pathophysiology in PTSD: disruption in stress hormone 
signaling

Hwang, Skarica, Xu et. al. 2025 Li, et. al. 2025



Some cells act like the brain’s “brakes”

Excitatory neurons promote activity

Inhibitory neurons restrain 

activity

The brain needs both. Too much excitation can be destabilizing; too much inhibition can suppress important signals. 



Network alterations in the PTSD transcriptome implicate interneuron 
vulnerability

Girgenti et. al. 2021



PTSD results in disruptions in cell-to-cell communication from 
interneurons 

Hwang, Skarica, Xu et. al. 2025

Traumatic Stress Mouse Model



Somatostatin expression levels decrease during PTSD

Hwang, Skarica, Xu et. al. 2025



Is this specific to PTSD?

Are we finding disease-specific biology 
or shared mechanisms across 
psychiatric disorders?

• >60% of PTSD cases are comorbid with MDD

• Shared Symptomology (e.g. anhedonia, sleep 
disturbances)

• Shared Neurobiological underpinnings (e.g. 
brain regions, neurotransmitter disruption)

• Shared Genetics (genetic correlation ~65%)

• PTSD is currently treated with 
antidepressants. No anti-PTSD drugs 
currently available.



Gene Convergence between PTSD and Major Depression

Hwang, Skarica, Xu et. al. 2025



Gene Divergence between PTSD and Major Depression is related to 
immune cell communication

Hwang, Skarica, Xu et. al. 2025



What does this tell us about PTSD?

Psychiatric disorders can share biology without being biologically 
identical



PTSD is a cell-specific disorder of the human brain

But why are these cell types vulnerable?



From Disease Biology to Genetic Mechanism

Where in cells  does PTSD risk actually act?



PTSD Risk Occurs in Neurons

NeuN-NeuN+

Duan et. al. in review

The goal of fine-

mapping is to 

identify the genetic 

variants that 

causally affect 

PTSD.

Hwang, Skarica, Xu et. al. 2025



The 3D DNA Problem

Liu et. al. 2024



The PTSD 3D DNA structure is altered by stress hormones

Strengthened DNA contacts

TAD Boundary weakening

GRE

DEGs

DARs



Significant increases in DNA contacts between MAD1L1 and ELFN1 
suggest genetic regulation of activity

Duan et. al. In Review

Hwang, Skarica, Xu et. al. 2025



Decreased Elfn1/mGluR7 leads to decreased inhibition onto excitatory 
neurons

Coudriet et. al. In Review

normal PTSD



mGluR7 agonists alleviate anxiety-like behavior after traumatic stress

CVN636 and AMN082: 

mGluR7 allosteric agonists



mGluR7 agonists alleviate anxiety-like behavior after traumatic stress

CVN636 and AMN082: 

mGluR7 allosteric agonists



A genomic discovery becomes a therapeutic hypothesis



What does this mean for people with PTSD?

• Which patients share mechanisms? 

• Which pathways are altered? 

• Which cell types are involved? 

• Which existing drugs might be repurposed? 

• Which new targets should be developed?



SIGNIFICANCE

Can molecular biology help us identify biologically distinct forms of psychiatric illness?

1. Psychiatric genetic risk must be interpreted in the context of specific brain cells.

2. PTSD associated changes extend beyond neurons to vascular and immune-related cell 

populations

3. Single-cell functional genomics can connect genetic variation to regulatory mechanisms 

and altered neuronal communication.

4. Shared and distinct molecular signatures may help explain biological overlap and 

differences across psychiatric disorders

5. This framework prioritizes candidate mechanisms for functional validation and future 

therapeutic discovery
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